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(57) ABSTRACT

A voltage converter controller and a voltage converter circuit,
either of which includes a voltage-drop compensating circuit
for compensating a voltage drop between an output voltage
and a load. The voltage-drop compensating circuit includes a
trans-conductance stage and a squarer. The trans-conduc-
tance stage outputs a compensating sink current to a voltage
dividing terminal of the output voltage and outputs a com-
pensating source current to a reference voltage terminal of an
error amplifier. An input terminal of the squarer is coupled to
an output terminal of the error amplifier. An output terminal
of the squarer is coupled to an input terminal of the trans-
conductance stage.

16 Claims, 6 Drawing Sheets
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1
VOLTAGE CONVERTER CONTROLLER AND
VOLTAGE CONVERTER CIRCUIT

CROSS-REFERENCES TO RELATED
APPLICATIONS

This non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 102123861 filed in
Taiwan, R.O.C. on 3 Jul. 2013, the entire contents of which
are hereby incorporated by reference.

BACKGROUND

1. Technical Field

The present invention relates to a voltage converter con-
troller and a voltage converter circuit and, more particular to
a voltage converter controller and a voltage converter circuit
with voltage-drop compensation.

2. Description of Related Art

Please refer to U.S. Pat. No. 8,143,845 (hereinafter
referred to as patent *845) for the prior arts of the skill. Patent
’845 discloses a voltage converter circuit of a topology of
flyback switching voltage converter with compensating func-
tion on a voltage drop caused by a parasitic resistance of a
conducting line in a charging circuit. Thus, when charging a
battery as a load of the voltage converter circuit, a charging
voltage received by the battery can still be maintained within
arange defined by system specification with the varied charg-
ing current. The voltage converter circuit of patent *845 takes
advantage of the characteristics that an output voltage of an
error amplifier thereof is positive-correlated to the charging
current. By adjusting the reference voltage according to the
output voltage of the error amplifier, correspondingly an out-
put voltage of the voltage converter circuit is changed for
partly compensating the voltage drop of the conducting line.
Furthermore, the error amplifier disclosed in patent *845 was
designed to be with finite voltage gain resulting in a limited
loop DC gain, which causes a steady-state error on the output
voltage of the voltage converter circuit to further compensate
the voltage drop of the conducting line. However, such design
will result in poor output resistance performance of the volt-
age converter circuit. Additionally, the variation of the per-
formance of the compensation will be somewhat larger when
observed in mass production case.

FIG. 1 is a circuit block diagram of a voltage converter
circuit 100 with voltage-drop compensation of another prior
art. The voltage converter circuit 100 is a flyback switching
voltage converter which converts an input voltage on the
converting input terminal 101 to an output voltage on a con-
verting output terminal 103 through a transformer 102 which
includes primary windings 1021 and secondary windings
1022. The converting output terminal 103 provides a load
current 111 to a load 120 by electric connection through a
conducting line 110. The conducting line 110 can be a charg-
ing cable and the load 120 can be a rechargeable battery; that
is, in this case the voltage converter controller 110 provides a
power and charges the load 120 through the conducting wire
110. However, there is a parasitic resistance on the conduct-
ing line 110 which causes a voltage drop when the load
current 111 flows through the conducting line 110, resulting
in difference between the output voltage on the converting
output terminal 103 and the charging voltage on the load 120.
Because of hardware limitation in most of charging applica-
tions, the terminal where the load 120 receives the charging
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voltage cannot be taken as a feedback point to perform more
accurate regulation on the charging voltage. Instead, the con-
verting output terminal 103 is often taken as the feedback
point in most applications, as shown in FIG. 1. Therefore,
although the converting output terminal 103 taken as the
feedback point can be relatively accurate thereon, the charg-
ing voltage received by the load 120 will be largely varying
accompanying variations of the load current 111 and the
parasitic resistance determined by the length and material
choices of the conducting line 110. In worst cases, the charg-
ing current may not comply with system specifications such
as within plus/minus 5-percent range of the rated voltage
value.

However in the related art, it is well known that a voltage on
the output terminal of an error amplifier is positive-correlated
to the load current in a switching voltage converter of current-
mode control. For example, the voltage converter circuit 100,
as a switching voltage converter of current-mode control
adopts sensing resistor 104 to sense current on a conducting
channel of a power switch 105 and to convert it to a voltage
signal being fed-back to a comparator 131 to be compared
with an output voltage of an error amplifier 132, resulting in
a controlling mechanism for cutting off the channel of the
power switch 105. From a first-ordered analysis, it is found
that in the voltage converter circuit 100, the output voltage of
the error amplifier 132 is proportional to a square root of the
load current 111. Hence, by detecting the output voltage of
the error amplifier 132 to deduce the load current 111, the
voltage on the converting output terminal 103 can be manipu-
lated to maintain the charging voltage received by the load
120 to comply with system specifications.

For example, in the voltage converter circuit 100, a
transconductance stage 133 is adopted with an input terminal
and an output terminal thereof coupled to the output terminal
of'the error amplifier 132 and a feedback terminal 106 respec-
tively. A voltage on the feedback terminal 106 is generated by
dividing the voltage on the converting output terminal 103 by
a voltage divider composed of a first feedback resistor 107
and a second feedback resistor 108. The transconductance
stage 133 multiplies a voltage on the input terminal thereof by
atransconductance and generates correspondingly a compen-
sating sink current coupling to the feedback terminal 106.
Therefore, when the load current 111 is larger, the voltage on
the output terminal of the error amplifier 132 is correspond-
ingly higher and the transconductance stage 133 generates a
larger compensating sink current to the feedback terminal
106 resulting in a higher steady-state voltage on the convert-
ing output terminal 103 to compensate for the larger voltage
drop on the conducting line 110 and maintain the voltage
received by the load 120 within the specified range. On the
contrary, when the load current 111 is smaller, the voltage on
the output terminal of the error amplifier 132 is correspond-
ingly lower and the transconductance stage 133 generates a
smaller compensating sink current to the feedback terminal
106, resulting in a lower steady-state voltage on the convert-
ing output terminal 103 to compensate for the smaller voltage
drop on the conducting line 110 and still maintain the voltage
received by the load 120 within the specified range.

According to first-ordered analysis, it is established that
when the transconductance G,,; of the transconductance
stage 133 follows equation (1), the optimized voltage-drop
compensating effect on the converting output terminal 103
can be derived to maintain the variation, due to varying load
current, of the voltage received by the load 120 in a smallest
range:
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[ Lp-1,
Gt = | 2.
ml Wo-Ts

where Lp is an effective inductance of the primary windings
1021, Io is the load current 111, Vref is a reference voltage
134, which determines the steady-state voltage of the feed-
back terminal 106, Rcab is an effective resistance of the
conducting line 110, Vo is the output voltage when the load
current 111 is zero, Ts is a modulating period of the pulse-
width modulation performed in the voltage converter circuit
100, Rs is a resistance of the sensing resistor 104, Ra is a
resistance of the first feedback resistor 107, and Rb is a
resistance of the second feedback resistor 108.

From equation (1) it can be observed that the optimized
value of G,,; is correlated to the load current 111. Thus, ifa
constant transconductance irrelevant to the load current 111 is
designed for the transconductance stage 133, the conditions
of over-compensating and/or under-compensating will hap-
pen under different load current 111 and result in a degraded
effect on the voltage-drop compensation. Even the voltage
received by the load 120 still cannot meet system specifica-
tion by the compensation in this way.

Vref'Rcab_(i+i)
Vo-Rs \R, "R,)

SUMMARY

In view of above-mentioned problems, the present inven-
tion provides a voltage converter controller and a voltage
converter circuit with better voltage-drop compensation.

In the first embodiment, a voltage converter controller is
disclosed. The voltage converter controller is adapted to a
voltage converter circuit which operates a power switch of the
voltage converter circuit to convert an input voltage on a
converting input terminal to an output voltage on a converting
output terminal through a transformer. The converting output
terminal provides a load current to a load by electric connec-
tion through a conducting line. The transformer including
primary windings and secondary windings connected to the
converting input terminal and the converting output terminal
respectively. When a channel of the power switch is con-
ducted, the primary windings are coupled to a ground termi-
nal through the channel of the power switch. The voltage
converter controller includes a pulse-width-modulation
clock, a comparator, an error amplifier, and a voltage-drop
compensating circuit.

The pulse-width-modulation clock has a modulating
period and controls the conduction of the channel of the
power switch. The comparator includes a first comparing
input terminal, a second comparing input terminal and an
output terminal where the output terminal of the comparator
outputs a control signal corresponding to a comparing result
of the comparator, the control signal controls a cut-off of the
channel of the power switch, the first comparing input termi-
nal receives a signal representative of a current quantity of the
channel of the power switch, and the second comparing input
terminal receives an error signal. The error amplifier includes
a reference input terminal, a feedback input terminal and an
error output terminal where the error output terminal outputs
the error signal, the reference input terminal receives a refer-
ence voltage, and the feedback input terminal couples to the
converting output terminal. The voltage-drop compensating
circuit includes a transconductance stage and a squarer where
the transconductance stage outputs a compensating sink cur-
rent to the feedback input terminal or outputs a compensating
source current to the reference input terminal, an input termi-
nal of the squarer is coupled to the error output terminal, and
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an output terminal of the squarer is coupled to an input ter-
minal of the transconductance stage.

In the second embodiment, a voltage converter circuit, of
which the topology is the same as that of the voltage converter
circuit described in the first embodiment, is disclosed.

The present invention is advantageous because a transcon-
ductance stage with constant transconductance can still be
adopted to derive better voltage-drop compensation effect
compared to the prior arts in the disclosed voltage converter
controller and voltage converter circuit.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiments that is illustrated in the various figures and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit block diagram of a voltage converter
circuit with voltage-drop compensation of prior art.

FIG. 2 is a circuit block diagram of'the first embodiment of
avoltage converter circuit with voltage-drop compensation of
the present invention.

FIG. 3 is a waveform diagram of a voltage converter circuit
according to the first embodiment of the present invention.

FIG. 4 is a circuit block diagram ofthe second embodiment
of'a voltage converter circuit with voltage-drop compensation
of the present invention.

FIG. 5 is a waveform diagram of a step response of a
voltage converter circuit according to the present invention.

FIG. 6is acircuit block diagram ofthe third embodiment of
avoltage converter circuit with voltage-drop compensation of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

FIG. 2 is a circuit block diagram of'the first embodiment of
a voltage converter circuit of the present invention, that is, a
voltage converter circuit 200 with voltage-drop compensa-
tion. The voltage converter circuit 200 operates a power
switch 205 thereof to convert an input voltage on a converting
input terminal 201 to an output voltage on a converting output
terminal 203 through a transformer 202. The converting out-
put terminal 203 provides a load current 211 to a load 220 by
electric connection through a conducting line 210. The trans-
former 202 includes primary windings 2021 and secondary
windings 2022 connected to the converting input terminal
201 and the converting output terminal 203 respectively.
When a channel of the power switch 205 is conducted, the
primary windings 2021 are coupled to a ground terminal
through the channel of the power switch 205. The voltage
converter circuit 200 further includes a voltage converter
controller 230 having a pulse-width-modulation clock 234, a
comparator 231, an error amplifier 232, and a voltage-drop
compensating circuit 236.

The pulse-width-modulation clock 234 has a modulating
period and controls the conduction of the channel of the
power switch 205. The comparator 231 includes a first com-
paring input terminal 2311, a second comparing input termi-
nal 2312, and an output terminal 2313. The output terminal
2313 of the comparator 231 outputs a control signal corre-
sponding to a comparing result of the comparator 231. The
control signal controls a cut-off of the channel of the power
switch 205. The first comparing input terminal 2311 receives
a signal representative of a current quantity of the channel of
the power switch 205. The second comparing input terminal
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2312 receives an error signal. The error amplifier 232
includes a reference input terminal 2321, a feedback input
terminal 2322, and an error output terminal 2323. The error
output terminal 2323 outputs the error signal. The reference
input terminal 2321 receives a reference voltage. The feed-
back input terminal 2322 couples to the converting output
terminal 203.

The voltage-drop compensating circuit 236 includes a
transconductance stage 233, and a squarer 235. The transcon-
ductance stage 233 outputs a compensating sink current to the
feedback input terminal 2322 or outputs a compensating
source current to the reference input terminal 2321. An input
terminal of the squarer 235 is coupled to the error output
terminal 2323, and an output terminal of the squarer 235 is
coupled to an input terminal of the transconductance stage
233.

In more detail, when the voltage converter circuit 200
operates under a steady state, the channel of the power switch
205 is set to be conducted at the start of every modulating
cycleby a set-reset latch 237 (SR latch) triggered by a positive
edge or negative edge of the pulse-width-modulation clock
234. Meanwhile the primary windings 2021 are coupled to
the ground terminal through the channel of the power switch
205, and thus a current on the primary windings 2021, which
is also the current on the channel of the power switch 205, is
linearly increased. In the voltage converter circuit 200, a
sensing resistor 204 is adopted to sense current on a conduct-
ing channel of a power switch 205, convert it to a voltage
signal, and feedback the voltage signal to the comparator 231
by coupling to the first comparing input terminal 2311. The
second comparing input terminal 2312 is coupled to the error
output terminal 2323 to receive the error signal. When the
current on the conducting channel of the power switch 205
increases and finally the voltage on the first comparing input
terminal 2311 is larger than that on the second comparing
input terminal 2312, the output of the comparator 231 toggles
and the latch 237 is reset resulting in a cut-off of the channel
of the power switch 205 until the latch 237 is set in the next
time the positive edge or negative edge of the pulse-width-
modulation clock 234 happens.

From the description of the preceding paragraph, an equa-
tion (2) can be derived as follows:

Veom=IpearRs

pea @,
where Vcom is the error voltage on the error output terminal
2323, Ipeak is a peak value of the current on the conducting
channel of the power switch 205, and Rs is a resistance of the
sensing resistor 204.

According to the law of conservation of energy and assume
that energy loss caused by non-idealities of components can
be neglected, it can be demonstrated that in every modulating
cycle, the energy added to the primary windings 2021 when
the channel of the power switch 205 conducted will equal to
that being transferred to the converting output terminal 203
when the channel of the power switch is cut-off. Thus equa-
tion (3) can be derived as follows:

1 1 3)
— N 2. .
2LP Lk T Vo-lo,

where Lp is an effective inductance of the primary windings
2021, Tsis the modulating period, Vo is the output voltage on
the converting output terminal 203 when the load current 211
is zero, and Io is the load current 211.
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Deriving a representative of Ipeak from equation (3) and
adopting it in the equation (2), a representative of the error
voltage, thatis Vcom, of the error output terminal 2323 can be
described in the equation (4) shown below:

2-Vo-1,-Ts
Veou = Li" “Rs.
\V P

That is, the voltage on the error output terminal 2323 of the
error amplifier 232 is proportional to a square root of the load
current 211. By equation (4) and considering a voltage drop
on the conducting line 210 is linearly increased with the load
current 211, equation (1) can be concluded and accordingly
the voltage drop compensation can be designed. However as
is seen in the prior art such as FIG. 1 disclosed, the shortcom-
ing of over-compensating and/or under-compensating exists
in this way.

As shown in FIG. 2, the voltage-drop compensating circuit
236 outputs a compensating sink current to the feedback input
terminal 2322 to compensate a voltage drop caused by the
conducting line 210. The voltage converter circuit 200
includes a first feedback resistor 207 and a second feedback
resistor 208, where the first feedback resistor is coupled
between the converting output terminal 203 and the feedback
input terminal 2322, and the second feedback resistor 208 is
coupled between the feedback input terminal 2322 and the
ground terminal. That is, the voltage on the converting output
terminal 203 is divided by the first feedback resistor 207 and
the second feedback resistor 208, and the divided voltage is
then fed back to the feedback input terminal 2322.

More specifically, the voltage-drop compensating circuit
236 includes squarer 235 where a voltage on an output ter-
minal thereofis the square of that on an input terminal thereof.
That is, the error voltage Vcom on the error output terminal
2323 is squared and passed into the transconductance stage
233 to generate a sink current coupling to the feedback input
terminal 2322. The squarer 235 and the transconductance
stage 233 can be realized by any related prior art that is
adapted in the embodiment. Moreover, it can be proven that
by adopting the squarer 235 preceding the transconductance
stage 233, the transconductance can be a constant irrelevant to
the load current 211 and the optimal compensation effect
shown in equation (1) can still be reached. A representative of
the optimal transconductance G,,,, for the transconductance
stage 233 is shown as equation (5) as follows:

@)

_Lp-ViyRew

(1 1] )
==+ =,
2Vo?-Ts-Rs \Ra R»

m2

where Ra is a resistance of the first feedback resistor 207, and
Rb is a resistance of the second feedback resistor 208.

By observing equation (5), it is evident that the parameters
in the representative of G,,, can be kept constant when the
voltage converter circuit 200 is under operation, so is G,,,
itself, and the voltage drop compensation effect for the con-
ducting line 210 is optimized. From a product point of view,
even if there is inevitable variation on Rcab because of dif-
ferent material of the conducting line 210 adopted in different
system applications or product lots, a system designer can
still obtain the optimal voltage drop compensation effect for
the same hardware circuit by changing design values of Ra
and Rb to manipulate G,,,. Needless to say, in view of the
possible differences on other parameters such as Lp or Vo in
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different applications or product lots, the same manipulation
on G,,, can also be performed to reach the optimal compen-
sation effect.

It is noted that although the sensing resistor 204 is adopted
to detect the current on the conducting channel of the power
switch 205, it is possible that in other embodiments, the
sensing resistor 204 is not adopted and instead the power
switch 205 is connected directly between the primary wind-
ings 2021 and the ground terminal. In this way the voltage
across the channel of the power switch 205 can be directly fed
back to the first comparing input terminal 2311 of the com-
parator 231. Thus, the equation (5) can be modified to equa-
tion (6) as shown below to be adopted in this case:

©

G Lp Vrey Reo .(1 + 1),

"W Ts-Vejlc \R, " Ry

where Ve and Ic are a voltage on the first comparing input
terminal 2311 and a current on the channel of the power
switch 205 when the channel of the power switch 205 is
conducted.

Furthermore, the voltage converter controller 230 can be an
integrated circuit realized by a semiconductor process, which
can save hardware costs and shrink the physical size. The
voltage converter controller 230 realized as an integrated
circuit is well known in this art and is prevailing in the design
of the applications of voltage converter circuit.

FIG. 3 is a waveform diagram of a voltage converter circuit
according to the voltage converter circuit 200 of the present
invention. Waveform 301 is a waveform of the load current
211. Waveform 302 is a waveform of the voltage received by
the load 120 in the voltage converter circuit 100 disclosed as
an embodiment of the prior art in FIG. 1. Waveform 303 is a
waveform of the voltage received by the load 220 in the
voltage converter circuit 200 disclosed as an embodiment in
FIG. 2. In FIG. 3, the steady-state rated voltage received by a
load is 5 volts. The voltage ripple in waveform 301 and 302 is
normal and is the characteristics of a switching voltage con-
verter circuit. Besides, waveform 302 corresponds to the volt-
age converter circuit 100 where the transconductance stage
133 has a constant transconductance resulting in conditions
of over-compensating and/or under-compensating.

Referring to FIG. 3, when the load current 211 toggles
between heavy-load and light-load as is shown in waveform
301, the steady-state voltage received by the load 120 in the
voltage converter circuit 100 presents a larger variation range
as is shown in waveform 302. On the other hand, the steady-
state voltage received by the load 220 in the voltage converter
circuit 200 is stable as is shown in waveform 302. For
example, in the vicinity of time instant of 180 milliseconds
(ms), the load current 211 is light, and waveform 302 presents
a higher steady-state voltage than waveform 303, which is
quite close to the rated voltage of 5 volts. Furthermore, in the
vicinity of 230 ms the load current 211 is heavy, and the
steady-state voltage presented by the waveform 303 is still
closer to 5 volts than the waveform 302.

FIG. 4is a circuit block diagram of the second embodiment
of'a voltage converter circuit of the present invention, that is,
a voltage converter circuit 400 with voltage-drop compensa-
tion. The voltage converter circuit 400 includes a part of the
components of the voltage converter circuit 200 shown in
FIG. 2 and further includes a voltage converter controller 430
and a loop compensating circuit 440. It can be referred to if
any corresponding part in the voltage converter circuit 200 for
the description on the functions and the characteristics of
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each part of voltage converter circuit 400. The loop compen-
sating circuit 440 is coupled to the error output terminal 2323
and is composed of a serial connection of a compensating
resistor 441 and a compensating capacitor 442. The differ-
ence between the voltage converter circuit 400 and the volt-
age converter circuit 200 is that in the voltage converter
circuit 400, the input terminal of the squarer 235 is connected
to a connection point of the compensating resistor 441 and the
compensating capacitor 442. On the other hand in the voltage
converter circuit 200, the input terminal of the squarer 235 is
connected to the error output terminal 2323. Utilizing con-
nection topology of the loop compensating circuit 440 and the
squarer 235, the phase margin of the loop of the voltage
converter circuit 400 can be better than that of voltage con-
verter circuit 200. That is, voltage converter circuit 400 has
better characteristics on transient response, and some short-
comings such as overshoot, undershoot and/or ripple can be
alleviated to avoid violating system specifications.

FIG. 5 is a waveform diagram of a step response of a
voltage converter circuit according to the present invention.
Waveform 501 is a waveform of a step wave of the load
current. Waveform 502 is a waveform of'a step response of the
output voltage of the voltage converter circuit 200. Waveform
503 is a waveform of a step response of the output voltage of
the voltage converter circuit 400. As shown in FIG. 5, in the
vicinity of time instant of 200 ms, the load current changes
from light-load to heavy-load in a very short time, meanwhile
the voltage converter circuit 200 and 400 respond the step
change of load current, and are prone to recover to the steady-
state rated voltage, such as 5 volts in FIG. 5. By observing
waveforms 502 and 503, it can be found that at the start of the
step instant, the voltage droop in both waveforms are quite
consistent. However in the course of recovery, waveform 502
has larger ringing and waveform 503 recovers to the rated
voltage in a smooth way because of better phase margin ofthe
loop thereof. The ringing presented in waveform 502 is not
welcomed in a system design since the ringing amplitude can
be even worse due to parameter variations of devices caused
by temperature and/or aging, and further system specifica-
tions can possibly be violated.

FIG. 6is acircuit block diagram ofthe third embodiment of
a voltage converter circuit of the present invention, that is, a
voltage converter circuit 600 with voltage-drop compensa-
tion. The voltage converter circuit 600 includes a part of the
components of the voltage converter circuit 200 shown in
FIG. 2 and further includes a voltage converter controller 630,
a transconductance stage 633, a reference current 610 and a
reference resistor 620. It can be referred to if any correspond-
ing part in the voltage converter circuit 200 for the description
on the functions and the characteristics of each part of voltage
converter circuit 600. Further, the transconductance stage 633
outputs a compensating source current to the reference input
terminal 2321, and the reference current 610 and the refer-
ence resistor 620 are coupled to the reference input terminal
2321 to generate the reference voltage described in the pre-
vious embodiments.

More specifically, the transconductance stage 633 outputs
a compensating source current flowing through the reference
resistor 620 to modulate the reference voltage on the refer-
ence input terminal 2321. For example, when the load current
211 is increased, the transconductance 633 correspondingly
outputs a larger compensating source current to increase the
voltage on the reference input terminal 2321. Thus, the output
voltage also becomes larger to compensate a larger voltage
drop on the conducting line 210 caused by the larger load
current 211. Finally, a voltage received by the load 220 can
still be maintained within the range complying with system
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specifications. It is noted that the realization of the transcon-
ductance 633, the design values of the reference current 610,
and the reference resistor 620 can be easily evaluated by
people skilled in the art after understanding the descriptions
of'the above embodiments of the voltage converter circuit of
the present invention.

The aforementioned descriptions represent merely the pre-
ferred embodiment of this invention, without any intention to
limit the scope of this invention thereto. Various equivalent
changes, alterations, or modifications based on the claims of
this invention are all consequently viewed as being embraced
by the scope of this invention.

What is claimed is:

1. A voltage converter controller, adapted to a voltage
converter circuit which operates a power switch of the voltage
converter circuit to convert an input voltage on a converting
input terminal to an output voltage on a converting output
terminal through a transformer, the converting output termi-
nal providing a load current to a load by electric connection
through a conducting line, the transformer including primary
windings and secondary windings connected to the convert-
ing input terminal and the converting output terminal respec-
tively, when a channel of the power switch conducted, the
primary windings coupled to a ground terminal through the
channel of the power switch, the voltage converter controller
comprising:

a pulse-width-modulation clock, having a modulating
period and controlling the conduction of the channel of
the power switch;

a comparator, including a first comparing input terminal, a
second comparing input terminal, and an output termi-
nal, wherein the output terminal of the comparator out-
puts a control signal corresponding to a comparing result
of'the comparator, the control signal controls a cut-off of
the channel of the power switch, the first comparing
input terminal receives a signal representative of a cur-
rent quantity of the channel of the power switch, and the
second comparing input terminal receives an error sig-
nal;

an error amplifier, including a reference input terminal, a
feedback input terminal, and an error output terminal,
wherein the error output terminal outputs the error sig-
nal, the reference input terminal receives a reference
voltage, and the feedback input terminal couples to the
converting output terminal; and

avoltage-drop compensating circuit, including a transcon-
ductance stage and a squarer, wherein the transconduc-
tance stage outputs a compensating sink current to the
feedback input terminal or outputs a compensating
source current to the reference input terminal, an input
terminal of the squarer is coupled to the error output
terminal, and an output terminal of the squarer is
coupled to an input terminal of the transconductance
stage, wherein the squarer is realized by a multiplier, the
error signal on the error output terminal is squared and
passed into the transconductance stage via the squarer.

2. The voltage converter controller of claim 1, wherein the
voltage converter controller is an integrated circuit realized
by a semiconductor process.

3. The voltage converter controller of claim 1, further com-
prising a loop compensating circuit which is coupled to the
error output terminal and is composed of a serial connection
of'a compensating resistor and a compensating capacitor, and
the input terminal of the squarer connected to a connection
point of the compensating resistor and the compensating
capacitor.
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4. The voltage converter controller of claim 3, wherein the
voltage converter controller is an integrated circuit realized
by a semiconductor process.

5. The voltage converter controller of claim 1, wherein the
transconductance stage outputs a compensating sink current
to the feedback input terminal, and the voltage converter
circuit includes a first feedback resistor and a second feed-
back resistor, wherein the first feedback resistor is coupled
between the converting output terminal and the feedback
input terminal, the second feedback resistor is coupled
between the feedback input terminal and the ground terminal,
and the transconductance stage has a constant transconduc-
tance.

6. The voltage converter controller of claim 5, wherein the
voltage converter controller is an integrated circuit realized
by a semiconductor process.

7. The voltage converter controller of claim 5, wherein
design values of a resistance Ra of the first feedback resistor
and a resistance Rb of the second feedback resistor can be
described in the following equation:

m

Lp - Vier * Reap ( 1 1 ]

Wl T Velic \Re " Ry

wherein Gm is the constant transconductance, Lp is an effec-
tive inductance of the primary windings, Vref'is the reference
voltage, Recab is an effective resistance of the conducting line,
Vo is the output voltage when the load current is zero, Ts is the
modulating period and V¢ and Ic are a voltage on the first
comparing input terminal and a current on the channel of the
power switch when the channel of the power switch is con-
ducted.

8. The voltage converter controller of claim 7, wherein the
voltage converter controller is an integrated circuit realized
by a semiconductor process.

9. A voltage converter circuit, comprising:

a converting input terminal, having an input voltage;

a converting output terminal, having an output voltage and
providing a load current to a load by electric connection
through a conducting line;

a transformer, including primary windings and secondary
windings connected to the converting input terminal and
the converting output terminal respectively;

a power switch, wherein when a channel of the power
switch is conducted, the primary windings is coupled to
a ground terminal through the channel of the power
switch;

a pulse-width-modulation clock, having a modulating
period and controlling the conduction of the channel of
the power switch;

a comparator, including a first comparing input terminal, a
second comparing input terminal, and an output termi-
nal, wherein the output terminal of the comparator out-
puts a control signal corresponding to a comparing result
ofthe comparator, the control signal controls a cut-off of
the channel of the power switch, the first comparing
input terminal receives a signal representative of a cur-
rent quantity of the channel of the power switch, and the
second comparing input terminal receives an error sig-
nal;

an error amplifier, including a reference input terminal, a
feedback input terminal, and an error output terminal,
wherein the error output terminal outputs the error sig-
nal, the reference input terminal receives a reference
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voltage, and the feedback input terminal couples to the
converting output terminal; and

avoltage-drop compensating circuit, including a transcon-

ductance stage and a squarer, wherein the transconduc-
tance stage outputs a compensating sink current to the
feedback input terminal or outputs a compensating
source current to the reference input terminal, an input
terminal of the squarer is coupled to the error output
terminal, and an output terminal of the squarer is
coupled to an input terminal of the transconductance
stage, wherein the squarer is realized by a multiplier, the
error signal on the error output terminal is squared and
passed into the transconductance stage via the squarer.

10. The voltage converter circuit of claim 9, wherein the
comparator, the error amplifier, and the voltage-drop com-
pensating circuit are integrated in an integrated circuit real-
ized by a semiconductor process.

11. The voltage converter circuit of claim 9, further com-
prising a loop compensating circuit which is coupled to the
error output terminal and is composed of a serial connection
of'a compensating resistor and a compensating capacitor, and
the input terminal of the squarer connected to a connection
point of the compensating resistor and the compensating
capacitor.

12. The voltage converter circuit of claim 11, wherein the
comparator, the error amplifier and the voltage-drop compen-
sating circuit are integrated in an integrated circuit realized by
a semiconductor process.

13. The voltage converter circuit of claim 9, wherein the
transconductance stage outputs a compensating sink current
to the feedback input terminal, and the voltage converter
circuit includes a first feedback resistor and a second feed-
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back resistor, wherein the first feedback resistor is coupled
between the converting output terminal and the feedback
input terminal, the second feedback resistor is coupled
between the feedback input terminal and the ground terminal,
and the transconductance stage has a constant transconduc-
tance.

14. The voltage converter circuit of claim 13, wherein the
comparator, the error amplifier and the voltage-drop compen-
sating circuit are integrated in an integrated circuit realized by
a semiconductor process.

15. The voltage converter circuit of claim 13, wherein
design values of a resistance Ra of the first feedback resistor
and a resistance Rb of the second feedback resistor can be
referred to the following equation:

_ Lp-Vey-Rew (L+L)
T 2Ve?-Tg-Ve/lc \R;  R,)

m

wherein Gm is the constant transconductance, Lp is an effec-
tive inductance of the primary windings, Vref'is the reference
voltage, Recab is an effective resistance of the conducting line,
Vo is the output voltage when the load current is zero, Ts is the
modulating period, and V¢ and Ic are a voltage on the first
comparing input terminal and a current on the channel of the
power switch when the channel of the power switch is con-
ducted.

16. The voltage converter circuit of claim 15, wherein the
comparator, the error amplifier and the voltage-drop compen-
sating circuit are integrated in an integrated circuit realized by
a semiconductor process.

#* #* #* #* #*



